VGSCs are multisubunit protein complexes composed of a α and β subunits that are created by multiple genes (7) (8) (9) . Malfunction of these subunits has been associated with the different types of diseases, which can be classified as channelopathies that are related to disorders of membrane and/or network excitability (3, 7, 9) . Most of them are genetic disorders that are caused by mutations in the genes encoding channel proteins. Some are autoimmune diseases in which the body produces antibodies against its own channel molecules (6) . The ion channel dysfunctions have been identified to cause important episodic neurological or muscular diseases such as different types of epilepsy, migraine, episodic ataxia, periodic paralysis, as well as long QT syndromes (3,7).
The Hypothesis
Sodium channel dysfunction may lead to a wide variety of pathologic processes that are responsible for the depressive symptoms in the Central Nervous System (CNS) (10) . Both spontaneous and evoked ectopic discharges in the affected primary hyperexcitable neurons and also maybe their hypersensitive neighbors are likely to be key factors in the pathogenesis of depression (10, 11) Although the primary mechanism of action of TCAs is the inhibition of neurotransmitter reuptake that relieve depressive symptoms; additionally, they have been known to effect on an ion channels (18) . TCAs may cause alteration of cardiac conduction, which can lead to cardiac arrhythmias due to their sodium channel blocking effects in cardiac tissues (18, 19) . In addition to their antidepressant actions, TCAs and duloxetine have been used for the medical treatment of pain (17, 18) . (17, 20) . These findings suggest that antidepressant drugs which have an analgesic block peripheral nerve sodium channels and transmission of electrical impulses which may contribute to their antihyperalgesic efficacy (2, 17, 20) .
Sodium channelopathies and depression
Sodium channel gene mutations are associated with a variety of inherited diseases known as channelopathies (5, 16) . Genetic forms of epilepsy, chronic pain, migraine headache, and neuromuscular diseases such as periodic paralysis, ataxia, and cardiac arrhythmia are linked to mutations in sodium channels (5, 16, 21) . Mutations of brain type 1 sodium channel (Nav1.1), which is caused by loss of sodium current and excitability of GABAergic inhibitory interneurons lead to generalized epilepsy (21) . It is well known that depression is the most common one of the psychiatric disorder in patients with epilepsy. Mutations of the peripheral sodium channel Nav1.7 have been shown to cause familial episodic pain syndrome (21) . A common clinical features of many channelopathies are the paroxysmal symptoms, discrete attacks, usually precipitated by a physiologic stress, and most people return to normal or near normal function between attacks similar to depression (16) . Channelopathies can exhibit extensive phenotype variability and diverse clinical manifestations (16) . These complex genomic disorders may also interact with another genes or environmental factors (16) .
Genetic polymorphisms of sodium channels have been found to be associated with psychiatric and cognitive disorders such as autism spectrum disorders (ASDs), alcoholism mood disorders and Alzheimer's disease (9, 16, 22) . The high rates of comorbid neuropsychiatric disorders including mood disturbance and epilepsy in people with ASDs suggest that these diseases share common genetic foundations (9) . The genes encoding voltage-gated sodium channels as well as other important genes for neural plasticity and synaptic function have been reported ASDs and depressive mood disorders (9) .
Results of experimental studies
The SCN8A (sodium channel protein type VIII alpha subunit) encodes Nav1.6 which is one of the major voltagegated sodium channels in human brain (23) . Nav1.6 sodium channel is localized at nodes of Ranvier, dendrites, and synapses, especially in the cortical pyramidal neurons of the prefrontal cortex and hippocampus (23, 24) . It has been demonstrated that dysfunction of the SCN8A voltage-gated sodium channel leads to decreased neuronal excitability which is related to changes in the firing patterns in mice with different SCN8A mutations (23) (24) (25) . Mutations of SCN8A can result in mild cognitive deficits, learning disabilities, behavioral abnormalities and increased susceptibility to suicidal attempts (23, 24, 26) . Furthermore, heterozygous mice with null mutation of SCN8A exhibited elevated anxiety suggesting that SCN8A plays a critical role in emotional instability in mice (23) (24) (25) . The authors also proposed that The SCN8A might be a potential susceptibility gene for bipolar disorder (23, 24) . 
Neuromodulation and somatic treatments in depression
Neuromodulation of voltage-gated sodium channels plays an important role in regulating neuroplasticity and cellular resilience (27) . Phosphorylation of sodium channel mediated by cAMP-dependent PKA and PKC modulates voltage-dependent gating, releases neurotransmitters which acts through a G protein-linked receptors, and reduces peak sodium current in neurons (27, 28) . Activation of dopamine receptors (D1) reduces peak sodium current in hippocampal pyramidal neurons through phosphorylation of the sodium channel by PKA and PKC (28, 29) . In prefrontal cortex neurons, serotonin 5-HT2A/C receptor stimulation activates PKC and reduces sodium current (28) . The lack of modulation of sodium channels (Nav1.6) by protein phosphorylation disrupts to modulation of neural excitability, firing pattern, and neurotransmitter release at the synaptic terminals (28) . Deletion of Nav1.6 channels in knockout mice alters regulation of sodium current and dopamine activation (28) . Kaynaklar:
